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Another mechanism for reduction the effects of 

deoxynivalenon toxin (DON) is target site (RPL3 protein) 

manipulation. In this study amino acid residue 258 is changed 

from tryptophan to cyctein and 259 from histidine to tyrosine 

in tomato ribosomal protein L3 (LeRPL3) cDNA through Site 

Directed Mutagenesis (SDM). Transgenic tobacco plants 

expressing these modified LeRPL3 cDNAs were tested for 

ability of leaf discs to regenerate and produce callus in the 

presence of DON. Significant differences in callus induction 

and ability to undergo regeneration was seen in transformed 

lines as compared to non-transformed tobacco plants in DON 

assays. Among the mutant types, marked difference with 

respect to resistance against DON was observed with 

regenerants expressing LeRPL3WC/HY; and plants 

expressing LeRPL3H259Y giving better response than 

transforments expressing LeRPL3W258C. The results indicate 

the possibility of increase in DON tolerance (and Fusarium 

head blight resistance respectively) among the plants based on 

expression of engineered RPL3. 
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 �� +���' GH" 2< *�' +���	%�� 6��7�(� 6�(�4��>

9� ��A� *�B�C5  ��'� ���	%�� $�'(E�"'(7 (Davis 

and Cundliffe, 1997; Cundliffe et al. 

1974) .G&I $�-(�J� �� 2�5��  *���H� 2< $'

�D �� 6����	8�(7 2> +%�"  �*�' 
  
 -�,� �-

 G&I *�-��W
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C  G�'�5' K1�> 2< 
  6��C7

 ��5	�A�(7 (��L7 (M' �� 6����	8�(7 2> *���H�255 

+� 6������ 2>  �	(Schultz and Friesen, 

1983; Mitterbauer et al. 2004) . '� G&I 6�'

 2> ��(<��'� �' O�cDNA  �PRPL3  2> Q"(>

 "�(< 9H�!� �	7	7 
��4 . �	��"�A�	� *,< ��

2"	�"��� � +B	0� - �� +&I	7 9>�R ;��E7 �+4(> $�

 *J��'(7 ��-��4 +>������7 +��"'	7 �  � *1(�

 �	S= �� +C�%T �P  I'� ��-��4 2> *%�"DON 

   
 -�,�(Harris and Gleddie. 2001) . ��
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��4 2> OA� � ��'� +U"(5

  . �	S= ��DON ��7�(� � 
  ���> 2�5��(��L7 6

 *J��'(7 �	7	7 ��-��4 �� *���H� ��3�' W%�

  ��(4)Mitterbauer and Adam. 2002 .( ��

+B�= �P +B'	7 2���H� �� 2<  $�-RPL3 � !4  $�-

 2> X��= � ���H�FHB +B'	7 �� +7��E7 �

�D $ �7	�0<	"  *�' 
 ," 
 -�,� �-(Lucyshyn 

et al. 2006) .  
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1. Site-directed Mutagenesis (SDM) 
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2. Solanaceac 
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 �� I1 - �P �� G&I��3�' $'(> 
��E��' ��	� $�-(4��^DLe-RPL3  \�!87 �>SDM  
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H

259
Y (F) 

H
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ATCCTGCTAGAGTTTCGGATGCTTGTATTGGTGCCTGG

CCAGGCACCAATACAAGCAAAT 
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W
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 �D.  

  
 �� I1- ;�CVR ��!� $'(> ���" ��	� ;�%�<(7  

G&I $'�'�  

;�%�<(7  
 :3=(µl)  

��' ����  

 :3=(µl)   

��� ���� 

ddH2O  3/17  3/17  

Buffer PCR �X10 5/1  5/1 

MgCl2 (50 mM)  1  1 

dNTP (10 mM)  1  1  

TL3-ATG1 1  -  

W258C (F) or H259Y (F)  -  1  

W258RC (R) or H259Y (R) 1  -  

TomMyc-Rv -  1  

Expand polymerase  7/0  7/0  

RPL3  1  1  

  
 �� I2-  G!<'� m0�J� 9='(� +"���� +n��� f�'(

PCR f�'� = ;�CVR (�_87 $'(>  

��5  
 ���  

)+�"�� 2I�� �'(4( 

����  
)2H�R�( 

 �' C7  

98�� �-  

2�(�'� 2�B�' $��� 95  3 1 

2�(�'� $���  

(4��^D ��?7'  

(�_87 

95  

62  

72 

1  

1  

1 

30 

+n�&" (�_87  72 10 1 

  
/0��1 2�345 7�8&�:  ;�CVR ��?7' *&I

2> � f�'� = *��  9��< 2CVR ����D PCR  ���

  ��3"' . f�'� = ;�CVR �' �' < (- 20=(� 6�' ��

2>  o��> $�-(4��^D �'	!1Mega primer  9�1

+�  ���" .��" 2> +0j' W�<(7 2� G!<'� 6�' ��  $�-

mix1 � mix2  � mix3   2�g�� .mix1 : $��=

2> f�'� = ;�CVR *��  �' 
 �DPCR 20=(� $�-

2> 9%R  *%�" 2> 	UB' �'	!11:2)��' ���� :��� ����( �

3/2  (5�>PCR �Mg
2+  �dNTP   ; � 2> 2< *�'

3  $��� �� 2H�R�95 +�"�� 2I��  2�'b4 �'(4

+� *(�'� 20=(� �7 �	  9��< �-(4��^D �U� $���

�	 .mix2 : $��=3/1  (5�>PCR �	� �Mg
2+  �

:��"D Expand  2> 2< *�'mix1  �� � 
  
���5'

 �� I p>�V� +,!<'�3 +� �'(R �(�4.  

  
 �� I3-  G!<'� +"��� � +n��� f�'(PCR  $'(> ��'

f�'� = ;�CVR ��?7'  

��5  
 ���  

)+�"�� 2I�� �'(4( 

 ����

)2H�R�( 

 �' C7

98�� �-  

2�(�'� $���  

(4��^D ��?7'  

(�_87 

95  

62  

72 

1  

1  

3 

10 

  

 ��?7' G!<'� +��&" 20=(� ��mix3 : $��=

$�-(4��^D �P $�&�"' � ' �>' Le-RPL3 :��"D � 
Expand 2CVR +��&" (�_87 $'(>bp 1200  2>

 +,!<'� �� � 
  
���5' +0%R ;�%�<(7 �� I p>�V�

4 +� �'(R �(�4.  

  
 �� I4-  G!<'� +"��� � +n��� f�'(PCR  $'(> ���

f�'� = ;�CVR ��?7'  

��5  
 ���  

)+�"�� 2I�� �'(4( 

 ����
)2H�R�( 

 �' C7

98�� �-  

2�(�'� $���  

(4��^D ��?7'  

(�_87 

95  

62  

72 

1  

1  

1 

20 

  

 ��" G&I �� (-  I'� 2J�" \� �D (> 
�r1

 �7  ��(4 2�&7G&I 6�' �' \� (- (�Ms7  �P �� �-

 2���H� ��	� 2"�4�� �����- G&I (�Ms7 �> (d"��	�

�(�4 �'(R . ;a	?t� *��&" ��PCR   ���r� ��

pBluescript SK (Strategene) 2"���-  � $���

�	0� 2>   C��� $�-(DH5α) E. coli ��H�"'  � 2�5��

+!0<  �� W�<(7	" $�-�	�<� $��= $�-  
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 f�t�+B'	7 $'(> � $(UB�>(^ +>�J�"'  ����' +>��

 " ��(4.  

�)�, �' �9&9& ������ 
:)���+&  ���

�0$ �	�  ��;LeRPL3  

2J�" +"P $�-   +-��4 2"�4�� 9R�" �� �	<b�

pBI121 G�� *t7  
 "(>CaMV 35S  �

2�7�g  
 !-�NOS 2"���-  " ��(4 $��� . 2> OA�

h�u � ���3"' Y��  2�	� 2> ��(<LBA4404 

Agrobacterium tumefaciens  $'(> � 9H�!�

+4(> ;�CVR +�J��'(7 1 2c-��4  $�-�	7	7 

(Nicotiana tabacum cv. Xanthi)  
��E��'

 "  . (U�'�4 �P �> *J��'(7 ��-��4GUS 

2>  "   �B	7 +E!� �(�!< �'	!1 . +�J��'(7

2c-��4 6������"�< 2> ���H� 
  +�'���> $�-  

)mg/l 100 ( +��(> +B	8B	� $�-��B�"D �' 
��E��' �>

 .  

�)���+& ������ 
<9�<9� =�<�,>  

 6�a 2> �P'(7 ��H�"'  
��E��' �> 
  +�'���> $�-

 �'DNA+�	"P $ ]'(J��' � ��-��4 �' 
 

*5(4 �'(R +��(> ��	� �P +j�?�g' $�-(4��^D .

RNA  *�< �> ��" 9<RNX-Plus 
TM 

(Cat. No. 

RN7713C)  OA� � ]'(J��' ��-��4 �'cDNA 

  2�g�� . G!<'� f�'( � �-(4��^D �' 
��E��' �>

RT-PCR  �> 2>�,�PCR2J�" � �P'(7 �' $�'�(>

  +��(> .+� ��d�"'2CVR (4��^D �� 6�' 2< ��� $'

 ���C�kb 2/1  !���" (�_87 '�.  

 
��		�' �9�	> ?�+@ 	� A��-9& �' ���B� 
'��	��

- C9<� 
��	  

 (VR 2> +4(> ;�CVR2 -1 +�"��  ��-��4 �' (��

 f�t� $�� (> +E!� �(�!< � *J��'(7(�^ �*J��'(7

2g�  +�'�)MS+0.1mg/ml NAA+1mg/ml 

                                                                     
1. Leaf disk 

BA (X	B�< �  +�'�(MS+0.1mg/ml 

NAA+10mg/ml Kinetin)  $��= 2<ppm 10 

 6��<	7DON  !�5(4 �'(R �	> .2"'	I �' C7  � �-

X	B�< �!I $�-6 9�8,7 $'�  ;�CVR $�� (> 
 

*5(4 �'(R Y��� ��	� 2�E- 2� �' O� +4(>.   

  

>&� � ? �@2  

 !"  �# �$ 
��	LeRPL3  !" %���& �'  
��	

 ()�� ��*��" �'  

 �PLe-RPL3  �' \�(-  I'� f�'� = ;�CVR �

G&I  2> (�_87 �' O� 2"�4�� G&I $'�'� �P � �-

 ��	� 
�' "' �� � �(E!�  "�> ;�	j��d�"'� )kb 2/1 (

  ��(4 (-�v ��	5�(�8B' �P $�� (>) 982  �3 .(

+B'	7 *tj 2"���- $�- $���  �> 2���H� �> 
 

\"�> �� �	I	� +B'	7 +B'	7 20��	> �P  �    ��s7 +>��

+B'	7 �� 2< �'� ��," 2"���- $�- $���  �&!7 
 

G&I  *�' 
�'� w� (d" ��	� $�-) �� < (��L7

TGG  �� < 2>TGC  G&I ��WC  (��L7 �

 �� <CAT  �� < 2>TAT  G&I ��HY ( 2�H> �

 *�' 
  xE= �P +B'	7) 984 .(  

�)�, �' �9&9& ������ 
:)���+&  ���

�0$ �	�  ��;LeRPL3 �> 
<9�<9� =�<�,>  ��  


��� +"P $�-  RPL3H
259

Y-cmyc �RPL3 

W
258

C-cmyc  ���r� �� 2<pSK+  
  �	0<

:��"D f�	7 +���"D :S- �> � "�	>  $�-SacI  �

BamHI   ���r� �� � 
  ]��gpBI121   

G�� *t7  
 "(>CaMV 35S 2�7�g � 
 !-�  

NOS 2"���- $��� +�J��'(7 $'(> � 
   

A. tumefaciens  2�	�LBA4404  h�u Y�� 2>

2> ���3"' �   "  
�(> ��< .G&I ��H�"' 2�5��  $�-

 �PRPL3-cmyc 2"	�"��� 2>  �	7	7 
��4 +4(> $�-

(Nicotiana tabacum cv. Xanthi)  \�< 2>


��� �� �> *J��'(7 �	�(�<�>�(4D   RPL3H
259

Y  �  
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M : +"�� (U"�,"kb 1 (Fermentas)  

1 :�	?t�PCR  2CVRbp 800  $�-(4��^D �>TL3-ATG1, WCR  

2 :�	?t�PCR  2CVRbp 400  $�-(4��^D �>WCF, TomMycRv  

3) : 2CVRbp 1200 (�	?t�PCR �P $�&�"' � ' �>' $�-(4��^D �> 2CVR�� ��?7' $'(>    
 982-  G&I ��3�' +T �� +n�&" � f�'� = ;a	?t� ��	5�(�8B'W

258
C   

 �P $�� (>RPL3  �' 
��E��' �>SDM  
  

  
  

  

  

  

  

  

  

M : +"�� (U"�,"kb 1 (Fermentas)  

1 : �	?t�PCR �P $�&�"' � ' �>' $�-(4��^D �> 2CVR�� ��?7' $'(>  

2 : �	?t�PCR  2CVRbp 800  $�-(4��^D �> TL3-ATG1, HYR  

3 : �	?t�PCR  2CVRbp 400  $�-(4��^D �> HYF, TomMycRv  

4) : 2CVRbp 1200 ( �	?t�PCR  +��&"RPL3H259Y  � ' �>' $�-(4��^D �>

�P $�&�"'    
  

 983-  G&I ��3�' +T �� +n�&" � f�'� = ;a	?t� ��	5�(�8B'H
259

Y   

 �P $�� (>RPL3W
258

C  �' 
��E��' �>SDM 

  

RPL3 W
258

C ���3"' � h�u Y�� 2>1  � ��3"'

�P p5	� ��H�"' �D ���> � �- ��-��4 �� �-  *J��'(7

   ��3"') 985  �6 .($(�<�> � -� ����7  $�-

                                                                     
1. Freeze and thaw method 

   $����  2CVR  �� >   ���r�  9��=pBI121(-

) "�	> .2c-��4 +�'���> $'(>  f�t� �*J��'(7 $�-

2!�&> $��� 2g� $�HB' 
  +�'� )+�"D $��=  \�7	�>

 *d0^ �> 6������"�<mg/L100 (  
��E��' .

 �' 
��E��' �> �	�(�<�>�(4D  � �' $(�4	0I 6�!c�-

1          2           3          4         M 

M       1        2         3 
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+�"D  *d0^ �> :��<�7	E� \�7	�>mg/L 500 2>   

 �D 9�1 . f�t� �� *J�'(7(�^ +4(> ;�CVR

 $���� ����> �' C7 ��'  "  ��� *1(� 2> +>�J�"'

2c-��4  ; � �� +�'���> f�t� �� �%� $�-10-5 

 "�	�"  � ��� .�' +�'���> ��-��4 6�>  f�t� �� 
 

 +>�J�"'15  6�a)G&I �P 2J�" (- �'  Q!� 2�5��


��4 (2J�" � ��H�"' 2< �D �� �P'(7 $�'�(>  �> �-

2> +B	8B	� $�-��B�"D   �� ��	> 
 ��� ;�%M'

+>����'  !�5(4 �'(R 
��E��' ��	� *���H� $�- . ��a

y�- �� *�' (<u 2> ��'(7(�^ ��-��4 �' \� � *J

 (U�'�4 �P  I'� *J��'(7 ��-��4GUS y�-  2"	4

 ," 
 -�,� �P +j�?�g' (4��^D �� �> $ "�>.  
 
��		�' �9�	> ?�+@ 	� A��-9& �' ���B� 
'��	��

C9<�-  
��	  

 2!��D $�- ��' 6�> 2�=�"263-240  6��7�(� ��

 +���	%��L3 ;	���<	� 2�- �� z�%�(H7 > �- 2 ; 

E=�v*  �' 2�=�" 6�' $�� (> G&I ��3�' � *�' 
 


.�� *����= 6��7�(� *'�  -'	g $' .G&I  +��-

G-�.� 6�' �� 2< Y�� �> G&I  
�U��I �> +�'�

ZJ,�1    ��3"' �'(R �	<b� 2�=�" ���� �� ��"

+�   "(�4) *�CR	�258  �259.(  �(U�� $	� �'

D(5 ��(> K1�> *�' 68�� �	g +�J��'(7  !�

G&I  ���(4 ��-��4 �� 2��'	g�" $�- �� ��'

6�a  *J��'(7 $�-2> �� 
 �D *��  2CB�V� 6�'

 z�%�(H7y�-  
 -�,� +8��"P �� +A�7	!5 $��3!-�" 2"	4

 ��-��4  !"��- *J��'(7 ��-��4 �  ��(U"

 +C�%T 	�" �  � *J��'(7(�^2> �	g �'  G���"

�'b4 !.  2g� +�'���> 2���H� �	��D �' 9j�= Q���"

 �' O� 6��<	7 $��= f�t� �� *J��'(7 ��-��4

*'���� �(" �> $�'�(>  �'�5'MSTAT-C Ver.1.42 

                                                                     
1. Site-directed Mutagenesis(SDM) 

  
  

  
  

 
 984-  6��7�(� 2!��D $�- ��' +B'	7 +E��� :-RPL3  �> �'� G&IRPL3 ��," +C�%T  2!��D  ��' �� (��L7 ��3�' 
 !-�

258 ) (��L7W  2>C ( ��RPL3W
258

C   �7	�0<	" �� (��L7 �259 ) (��L7H  2>Y ( ��RPL3H
259

Y  {	7 +�' +B'	7 � *�'

*�' 
  
���5' �P $�&�"' 2> ��" .*�' 
  
�'� ��," 6�| 2VH" ;�	j 2> 2>�,� $�- +B'	7.  

RPL3:               PGSKLHKKETCEAVTIVETPPMVIVGVVGYVKTPRGLRCLNTVWAQHLSEDIKRRFYKNWCK : 124 
RPL3WCmyc:.............................................................. : 124 
RPL3HYmyc:.............................................................. : 124 
               *       140         *       160         *       180 
RPL3:              SKKKAFLKYSKKYETDEGKKDIQAQLEKLKKYACVIRVLAHTQIRKMKGLKQKKAHLMEIQV : 186 
RPL3WCmyc:.............................................................. : 186 
RPL3HYmyc:.............................................................. : 186 
             *       200         *       220         *       240 
RPL3     :NGGSIAQKVDFAYGFFEKQVPVDAVFQKDEMIDIIGVTKGKGYEGVVTRWGVTRLPRKTHRG : 248 
RPL3WCmyc:.............................................................. : 248 
RPL3HYmyc:.............................................................. : 248 
           *       260         *       280         *       300         *       
RPL3     :LRKVACIGAWHPARVSFTVARAGQNGYHHRTEMNKKVYKLGKVGQESHTALTEFDRTEKDIT : 310 
RPL3WCmyc:.........C.................................................... : 310 
RPL3HYmyc:..........Y................................................... : 310 
                 320         *       340         *       360         * 
RPL3     :PIGGFPHYGVVKEDYLLIKGCCVGTKKRVVTLRQSLLNQTSRVALEEIKLKFIDTSSKFGHG : 372 
RPL3WCmyc:.............................................................. : 372 
RPL3HYmyc:.............................................................. : 372 
                 380        
RPL3     :GGFPHY           : 388 
RPL3WCmyc:......EQKLISEEDL : 388 
RPL3HYmyc:................ : 388 
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1 : +E!� �(�!<)*J��'(7(�^ 
��4(  

2 : *%_� �(�!<)RPL3  �� 
  $��� 2"���-pBI121(  

3 :6�a   �> *J��'(7 m0�J� $�-RPL3- HY  
4 :6�a   �> *J��'(7 m0�J� $�-RPL3-WC  
5 :6�a 2"�4�� G&I �> *J��'(7 m0�J� $�-  

M : +"�� (U"�,"1Kb Ladder (Fermentas)    
    

 985-  �' 9j�= ;a	?t� ��	5�(�8B'gPCR �	7	7 ��-��4 +�J��'(7  ��s7 $'(>  

  
  

  

  

  

  
  

M : (U"�,"1Kb Ladder (Fermentas)   

1 : +E!� �(�!<)*J��'(7(�^ 
��4(  

2  �3 :6�a   �> *J��'(7 m0�J� $�-RPL3- HY  
4 :6�a   �> *J��'(7 m0�J� $�-RPL3-WC  
5  �6 :6�a 2"�4�� G&I �> *J��'(7 m0�J� $�-  
7 : *%_� �(�!<RPL3 (WC/HY) 2"���-  �� 
  $���pBI121    
    

 986-  ;a	?t� ��	5�(�8B'RT-PCR   ��s7 $'(>�P'(7 �' $�'�(> 2J�" *J��'(7 ��-��4 ��  

  

+!C� ;��E7 � ��B�"D  kV� �� $�'�1 % ��-��4 ����

 *J��'(7(�^ ��-��4 �> 2���H� �� *J��'(7) �'	!1

+E!� �(�!< (   
 -�,�) 987 .( 2���H�

6�U"���  �	��D �> �-LSD  �' C7 2<  "�'� ��,"

2g� +�'���> $�- 6�a �� 
   $'�'� *J��'(7 $�-

6�a � 2"�4�� G&I  
��� �> *J��'(7 $�-

RPL3H
259

Y 6�a �' (7a�>  �> *J��'(7 $�-


���  +"PRPL3W
258

C  �	>) 988 .( Q���"

 ��" +&>�,�X	B�< �	��D ��  �D *� > +�'� . �	V>

 G&I +0<RPL3H
259

Y  �> 2���H� ��

RPL3W
258

C  �� '� *���H� �' $(7a�> kV�

+� �HB' *J��'(7 ��-��4  ���" .6�a ��  !|(-  $�-

 ��' 
  
��,� $(7a�> *���H� 2"�4�� G&I $'�'�

�D �� *���H� �'��� +8���" 2> 2I	7 �>  ��-��4 �> �-

 G&I  I'�RPL3H
259

Y 2> +� (d"  6�'  ��

 "�> G-�< �� +!��U��I  
�U��I �> 6��<	7 � 

M        1         2        3         4        5          6       7 

1      2       3        4        5      6        7        M 



93                    �'��8�- � $��%& :2!��D ��' �����- (��L7 $�-Trp258  2>Cys  �...  
 

 Y(M')6��7�(�RPL3 ( �'��	g(> $(7a�> (�Ms7 �'

 �>.  

6��7	8�(7 
�U��I 2> ��?7' $'(> �-  +"��8� $�-

+� *>�R� :- �>  !!< :��"�8� �  +4 "�'���> $�-

D ;'(M' X��'(> +7��E��� :���� (> �-  2�I(7 $�-

 ��in vitro  *�' 
  +n���!(Cundliffe and 

Davies. 1977) . 6��<	7T-2  2> fH5 �	!B'	�" �

���	%�� 9?�� �'�D $�- ��^D 20=(� � 
 1 '� 2�I(7 

+� ��&�   !!<) ~	" ��&�I .(*d0^ ��  zr��< $�-

                                                                     
1.  Initiation 


 !!<��&� 
 "�'���>  ~	" $�-I+0� 6��8 � ��� w� �- 

+�  -� .
 !!<��&�  ����� 20=(� $�-) ~	"T ( y�- ��

2��8 W%� +�d0^ +0� �  ��� +�" �-  "	 . +�=

 (4'mRNA 25��' ���� ��  zr��< 6��<	7 ��(<

���	%�� f�	7 +0� 
�' "' � �> 
 ," 
 �	� �- ���  �-

*5��  -'	g G�'�5' .
 !!<��&�  20=(� $�-

9�	T  � ) ~	"E (��	%�� *<(=�  �	T �� '� �-

mRNA +� ��&�  !!< .+0� ��" *B�= 6�' �� ���  �-

*5�  !-'	J" 6�> �' zr��< . ~	" (U�� $	� �'

6��7	8�(7  +SC>  +4 !!<��&�  �(80�1   23��"   �-  
  

  

  

  

  

  

  

 
 987-  +�'���> +��"'	7 2���H�(Regeneration) G&I $�- 2J�" �> *J��'(7 ��-��4 ��  �P 2�5��Le-RPL3  f�t� ��

MS  �	S=�� �10 ppm DON) .WT �*J��'(7(�^ 
��4 �HY G&I �> *J��'(7 ��-��4 �RPL3H
259

Y �WC ��-��4 �

 G&I �> *J��'(7RPL3W
258

C  �WC/HY 2"�4�� G&I �> *J��'(7 ��-��4(  

  

  

 
 988-  X	B�<  �B	7 +��"'	7 2���H�(Callus induction) 2J�" �> *J��'(7 ��-��4 �� G&I $�-  �P 2�5��Le-RPL3 

 f�t� ��MS  �	S=�� �10 ppm DON) .WT �*J��'(7(�^ 
��4 �HY G&I �> *J��'(7 ��-��4 �RPL3H
259

Y �WC �

 G&I �> *J��'(7 ��-��4RPL3W
258

C  �WC/HY 2"�4�� G&I �> *J��'(7 ��-��4(  
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�D *d0^ 
 �c�� W%� 6�' � *�' �-  (M' 6��C7 � 

�D +� �-  �	(Cundliffe and Davies. 1977) .

+��(> Q���"  2< *�' �D �' +<�= �-DON  ��

*d0^ 2> 6���� $�-  ~	" 
 !!<��&� �'	!1T  �� �

*d0^ 2> a�> $�-  ~	" 
 !!<��&� �'	!1E  9�1

+�   !<(Cundliffe and Davies. 1977) .

 �	S= �� 6�'(>�!>DON ���	%�� *<(=  $��= $�-

RPL3 mR	�� �+C�%T ~	" 2> �� 
   20=(� ��&� 9�B�

 $�� (> �����mRNA +� +R�>  !"�� . ��37 �R'� ��

RPL3  �	S= �� *���H� 
 !!<��3�' 2�5��(��L7

+� 6��<	7  +>�J�"' +���(5 9�B� 2> ��  "'	7 �

���	%�� 2��37 2> �� 
 ��&� $�-  ��37 9�B�

9�&�7  
 RPL3  ���> �  �> ���H�RPL3 

*�' f�t� �� 6��<	7 �	S= 2> 2��>'� 2�5��(��L7 .

+� 'bB  2< *5(4 23��" �'	7RPL3  2�5��(��L7

 �> *>�R� �� �� � 
�	> �' ����"RPL3  $'(> +C�%T

*�' 
 "��> ���	%�� �� ��37 .2>  *d0^ 
�r1

 ��" ;�,����D 6�' �� +5(?� 6��<	7ppm 10  
�	>

 ;r^ �� 
  �B	7 6��<	7 *d0^ 2> 2I	7 �> 2<

 
�	BD) �' G�>ppm200(2> � +� (d"  �' 
��E��'  ��

RPL3 2> 2�5�� (��L7  $'(> +5�< +�'��< �' +��&!7

 �%" �'��	g(> 6��<	7 2> *���H� G�'�5' . �� �'bB

g $ C> ;�CB�V�Y	�� �P ��(<  $�-RPL3  +"���

�P �	S= �� *���H� �'��� +��(> � 
��4  $�-

G&I  �� :��"�8� 6�' 9��"��� +��(> $'(> 2�5��

+� ��&!,�� *���H� *�	H7 �	.  

 �' \�(- $'(> 2< +%��C� � ��'�� 2> 2I	7 �>

:��"�8�  2> *���H� G�'�5' ��' �� +B	8B	� $�-

6��<	7 *�� �  
��' �- +>��  *���H� e	V� 2>

6�a 2C�	7 �> (7a�> :��"�8� 2< +�J��'(7 $�-  $�-

 9�%R �' *���H� � C��RPL3 G&I :� �2�5��  +�'��

:��"D f�	7  
  ���3� �D �� �-��8-'� (��� � �-

�	>  -'	g X(��� 9>�R  �> .  
  

����A��B�  

 *��� � \��"P +� !&� +0� 
�U,-�.� �'

$���!5�  e(T259 $����> 
�(4 �  
 8,"'� +��!

:-'(5 9�B > X� � *�>(7 
�U,"'� $����,<  $��D

 +"'�� R � (8,7 
P�(� 6�' ��3"' ;�"�8�'  

+� ��(4.  
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